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SUMMmY

Dimenstonal analysis has been applied to the computatio~
of the main bearing of a V-type in-line aircraft engine. Charts ‘-
are presented that give the maximum and mean bearing loads for the
center, intermediate, and end main bearings at all values of engine
speed to 5000 rpm and at all yalues of indicated mean effective
pressure to 500 pounds per square inch. Two crankshafts have been
considered, one designed for higher operat3ng speed than the other.
The Individual effects of changes in impression ratio and in the
ratio of connecting~rod length to orank throw upon the main-bearing
loads are presented.

Optimum combinations of engine speed and indicated mean effec-
tive press’urewere found to exfst for which the mean and maximum
main-bearing loads are minimums for a given power but such combina-
tions do not always lle in a practicable operating region. Polar
diagrams of be~fng loads are presented to show the extent of shock
load and the range-of stress i@sed upon
several operating conditions.

INTROIXJCT.ION

the main b%rlngs F6r

A general method of determining aircraft-engine bearing loads
at any combination of engine speed and indicated mean effective pres-
sure has been given in reference 1. This method has been applted to
determine the loads acting on the crankpin and blade bearings of a
V-type engine in references 1 and 2, respectively. The following
equation, relating the significant engine operating variables to
the load acting on any of the principal bearings of an aircraft
engtne, is obtained by dimensional analysis:

(1)
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bear~ng load, pounds

stroke, inches

ind:cated mean effective pressure, pounde per square inch

some function

reciprocating

engine speed,

rotating mass

.1

mass Ter crankpin, slugs

rpm ..

per crankpin, slugs

diameter of bcre, inches

length of connecting rod, inches

manifold ~ressurej pounds Wr square inch abaolute

crank angle, degrees

compression ratio —.. .

angle between cylinder center lines, degrees

If the indicated mean effective pressure +s ass-d to be
proportional to the manifold pressure, equation (1) simplifies to
the following expression for a given engine:

--

,.

.—---

,..—.—

———

?
—

-.

(2)

Thts,equation establishes the fact that, if W/p is plotted aga~nst

N2/p at a constant value of crank angle, a smooth curve will be
obtained. Mqmtione (1) and (2) are applicable to the principal
bearings of both in-line and radial engines.

231the proeent report, mean and maximum main-bearing Imds tie
discussed under a wide range of operating conditions. Two crankshaft
of different design are investigated (fig. 1): a 6-counterweight
crankshaft, which will be referred to as “cr~kshaft A,” and a
12-counterwe@t crankshaft, de@@ned for higher dperatlng apeeda, ‘
which will bo referred to as “crankshaftE.” b

a
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Dimensions of a production V-t.yyaengine are used to Illustrate
the application of the generalized method to the computation of
main-beartng loads. Before equation (2) can be applied and before
the computations can be generalized, the main-bearing loads for a
n~?,mberof representative engine operat@ conditions must be computed
to obtain values of W/p. These computations are made in the usual
manner (reference 3).

CONVENTIONAL COMPUTATION OF h!!-BEARINGLOAIX

WITH CRKNE3& A

The symbols, conventions, engine dimensions, power conditions,
and method of analysis used in this repoti are the same as those of
reference 1. Specifications for the V-type engine investigated herein
are given in the apyendix”. A zero crank angle (8 = Q) refers to the
top-center position of cylinder lL at the beginning of the expansion
stroke. A schematic diagram of a 12-cylinder V-type engine mechanism
is given ti figure 2 and the ’crankshaftarrangement Is shown diagram- ‘-’
matical.lyin figure 3. —.

The resultant main-bearing loads were obtained by the vector
addition of the crankpin loads and,the centrifugal forces due to
the unbalanced weights of the crankpin and the crankcheeks. Each
crankpin load is assumed to be divided equally between its adJacent
main bearings. The unbalanced weight of the crankshaft between
transverse c~’ankpinmidsections is assumed to act upon the included
main tearing. —

The method employed to obtain the unbalanced crankshaft weights
is given in reference 4. Crankshaft A is sym~trical about the
center main bearing and the following values of unbalanced force
wel”efound to act in the direction of the reference crankpins:

Main bearing 1 2 3 4 5“’ 6 ‘7
Reference cranlqin 1 2 3 - 4 5 6 ---
Force due to unbalanced 336 336 336 0 336 336 336

crankshaft weight,
lb ~ ~o-6N2

Center main bearing. - The resultant load acting on the center
main bear= (bearing 4 in fig. 3) at any particular crank angle is
obtained by the vector addition of one-half the adjacent crankpin
loads. The centrifugal force is zero tismuch as counterbalancing
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is complete for thie particular bearing. Figure 4 illustrates the
method of vector addition for the center main bearing at a crank-
angle value of 200°.

Polar diagrams-of loads acting on the center main bearing with
respect to the engine,axis are-shown h figure 5 @ terms of crank-
angle degrees. —-

Intirmediate main bearings. - The resultant load acting on the
intermdlate main bearing’=ings 2, 3, 5, and 6 in fig. 3) at
any particular crank angle is obtained by the vector addition of the
unbalanced centrifu~al force acting along the crank-throw center line
and one-half of each of the adjacent crs,nkpinloads. FiWe 6 illus-
trates the method of vector addition for main bearing 2 at a crank-
angle value of 20°.

Because of the phase relation of the yiston disphcement and
the symmetry opthe crankshaft, the polar diagram for main bear~ng 3
may be obtained from the diagram for main bearing 2 by adding 240° to
each indicated value of crank angle, Thus th~configuratlone of these
two diagrams are the sane but the values of crank angle obtained at

9

each point are different. $imilarly, the dkgrams for main beartngs 5
and 6 may be obtained by adding 600° and 3600, respectively, to the

--.,

values appeading on the diagram for main bearing 2. e

Polar diagrams, with respect to the engine axis, of the loads
acting on the intermediatemain bearings are shoym in figure 7 in

-.

terms of crank-angle degrees.

E~d main bearings. - The resultant load aoting on either end
main bearing (bearing l--or7 in-fig. 3) at any particular crank
angle is obtained by the vector addition of the unbalanced centrif-
ugal force acting along the crank-throw center line and ono-half of
the single adjacent crankpln load. Figure 8 illustrates the method
of vector addition for main bearing 1 at a crank-angle value of 20°.
The polar diagram for main bearing 7 may be obtained from the diagram
for main bearing 1 by adding 3600 to each indicated value of ‘crank
angle.

Polar diagrams of the loads acting on the end main bearinge,
with respect to the engine axis, are shown fn figure 9 in terms of
crank-angle degrees.

t

1
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APPLICATION OF THE

Generalized load charts

5

DIMENSION’AL-ANACL51SME!I!EOD

for maximum ioads on center mafn be&-
‘ ing with crankshaft A. - The resultant forces on the center mdn
bearing shown in figure 5 can be-generalize~ by 6q~ti~n-”(2). If

—

W/p is plotted against N2/p for each”& the six power conditions
coneidered tid at constant values of crd” ~ie, it is Tom that
maxtuunnvalues of W/p occur at crank-angle values of approximg.te}y
20° or 320°. These curves are shown in figure “1O;addi%ibnd. paints
were computed in order to extend the curves beyond the region--covered ““‘-
by the siixpower conditions. The solid portion of each curve corre-

-.-—...

spends very closely to the maxtiam value of W/p ‘“over-%hepartZcuiar
range of W/p against N2/p sreN2/p concerne~. ml the PIOtS Of
portions of lq~erbolic-type curves,--Tho solid-port~bim of bb%h curves

of interest lie sufficiently far from their “riwpectivevertices to be
considered linear.

A convenient ohart (fig. 11) for determining msxhwn center
matn-bearing loads is obtained.from the curves of figure 10. Curyes-
of’constant indicated horsepower have been included for convenience.
The line OA represents an optimum combination ofengine speed .qnd
indicated mean effective pres&re corresponding to the~l~eat %aiug
of the maximum load on the center main bearing at”a given power level.
It can be seen from fl.gureU that this optimum combination does ~~;—–-
fall in a practicable operating regi~. .-

Generalized load charts for mean loads on center main bearing
with crankshaft A. - The mean load acting orIthe center main bearing
is determined from a recte,ngiilarplot ‘of“loadAgainst crank an@e
using a planimeter to obtain the average hei@t of this curve.

— —___ ._.=._
The

results of the dimensional treatment were again utflizd” to’”gffnerglize _
the mean-load analysis. In figure 12, ~/p iS shown plotted ~itit
Jf2/P) whers ~ is the mean beartng load. . . .

A useful chart (fig. 13) for determining mgan c~teg main-bearing
loads is obtained frcunthe curves of figure 12. Constant indi~ated-
horsepower curves have been included for convenience.

may

and

—

Rubb!nR factor.

.

- The “ribbing factor,” as defined in reference 4,
be obtained from the value of the mean load fromfi~”e 12 for
combination of engine speed and indicated mean effective presswe
the equation

.-

RF = 2.30 X M-3(ITti) (3)
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wher9 RF is tho rubbhg factor in foot-pounds per square fnch-
second. The coefficient in this equation is based upon an effective
bearing length of 1.90 fl.nohes,Although the rubbf.ngfactor is not
generally cone;,dereda good criterion for the severity of bearing
operatin~ conditions, it is given for what it may be worth.

Generalized load chartg fur intermediate and end main bearings— .— —
with crankshaft A. - Maximum and mean bearing-load chart= have been
prepared for the intermediate and the end main bearings (figs. 14
to 17) using the procedure em’ployedin obtaining the charts for the
center main-bearing loads. Optimum maxhmn-load lines shown for
four compression ratios were included in figures 15 and 17 to permit
a comparism with each other andwith the mean-load curves and will
be discueeed later in this report.

The rubbing factors for the intermeditite
bearings may be calculated from the following
is the appropriate mean bearing load obtafned

RF = 3.97 x 10-3(Nfi)

azidthe-end–main ‘“
equation !n which ~
frornfigurefa15 to 17:

(4)

The coefficient in this equation is based upon an
length of 1,10 inches. (All intermediate and end
the same effective length.)

CIMRTS l?ORCENTER, INTERMEDIATE, AND

effective bearing
main beari”ngsh“ave

END

MAIN BEARINGS WITH CRANK3B~B””-””

Crankshaft B is also s)nunetricalabout the center main bearing
and has the following values of unbalanced force:

#
Main bearing ~23” 4567 “
Force due to unbalanced 140” 140 140 280 140 i40 140

crankshaft weight,
lb X 10-6 N2

Reference crank-pin 1 2 3 3,4”4 ~ 6
Angle, In degrees,.from the 180 240 240 180 120 120 180
reference crank-throw
center line to the line
connecting the center of
gravity Of the unbalanced
force and the center of
rotation measured in the
direction czfcrankshaft
rotation

.-

r

.-

.-

*“
-..
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Polar diagrams with respect to the engine sxis for the take-
off condition are given in figures 18 to
charts are presented in figures 21 to 26
of 6.65.

EMJT OF ENG~ DmS~ONS WON

20$ maximum and mean load
for a compression ratio”-’”

Attempts to make the load chats applicable to sm.yin-line
engine have not been entirely successful. No simple method ~“s be~n
found by which a change in the magnitude of the reciprocating and
rotating weights may be taken,into consideration by the application
of dimensional analysis. The main-bearing loads will not be influ-
enced by a change in the ratio of connecting-rod length to crank

.

throw in the range from 3 to 4, inasmuch as changes within this
range were found in reference l’to have no measurable effect upon
crankpin bearing loads.

The compression ratio affects the shape of the indicator di~rsm
and hence the gas force devetiped in the engine cylinder. The influ-
ence of compression ratio upon gas force during ”theexhaust stroke,
the intake stroke, and most of the compression stroke is quite small.
The compression ratio has a considerable effect upon the gas force,
however, during that portion of the expansion stroke-when the piston
is near the top-center position.

The compression ratio will influence the mean main-bearing load
very little, fnasmuch as the compression-ratio significantly affectti
the gas force only during a small portion of the cycle and part of
this effect is compensatory. The mean-load diagrams shown in fig-
ures 13, 15, 17, 22, 24, and 26 are applicable for all values of
compression ratio from 5.50 to 8.50.

The maximum load acting on the center main bearing is not
affected by compression ratio because of the particular phasing of
events in the adjacent cylinders and therefore f@ure 11 5-salso -

—

applicable for all compression ratios from 5.50 to 8.50.

The curves of figures 14 and 16 showing maximum loads for the
intermediate and the end main bear~ngs with crankshaft A for a
compression ratio of 6.65 are supplemented by f@ures 27 and 28 for

—

compression ratios of 5.5o, 7.5o, and 8.50._ Similar charts are--riot
given for crankshaft B but the approximate magnitude of the effect
of compression ratio may be obtained from a compari~on of figures 14,
16, 23, 25, 27, and 28. The locations of the curves OA for optimuDJ
combinations of speed and indicated mean effective pressurej for the
intermediate and the end main bearings, change with compression ratio.
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The OA curves for the four compression ratios here considered have
been included in figures 15 an&.17. It is evident that, as the
compression ratio Is increased, the optlmuroindicated mean effect~.ve
pressure for a given engine speed is less,

DISCX.ESION

The maximum and mean loads acting on the crankpin, blade, and
main bearings under a wide range of engine oyerating conditions for
the v-type engine herein considered are summarized in tables I and II. .
For the bearing metals used none of the unit,loade appea~to be
excessive. Although the maximum load acting on the blade bearing fa
considerably higher than cofiesponding loads on the other beari~s,
the high rate of load fluctuation enables th:.sbearing to operate
satisfactorily. It is evident that th~ maximum load acting on the
center and the end main bearings is significantly reduced when crank-
shaft B is subst~.tutedfor crankshaft A. The load acting on the
internedlate main bearings, howoxerjis greater w~th crankshaft-B
than with crankshaft A except at very high speeds. The mean load
acting on all of the min bearings is lower with crankshaft B than

,,.

w?.thcrankshaftA.

From the charts of references 1 and 2 and this report, it is .

evident that the crankpin, blade, and main-bearing loads with crank-
—

shaft A are not significantly increased at-values of indicatvd mean
effective pressure up to 200 pounds per square inch at 3000 rpm.
The end and center main-b.srarjngloads with crankshaft,B do not vary
greatly with indicated mean effeotlve pressure at a conetant eng!ne
speed; however, the loads on the intermediatemain b6aringS incruase
rapidly with indic~ted mean effective press~e. I@zau.se”i+ls
inadvisable to operate with closed throttle s~tti~ in a dive owing
to increased oil pumping under such conditlcns, both crankshafts maY
be operated at values of indicated mean effective pressure up to
200 powids per square inch, unless difficulty is experienced with
the intermediate bearings of crankshaft B, in which case the @~-
cated mean effective pressure should be held to an absoluti-minimum.

In this re~ort and in references 1 and 2 an opt~mum combination
of engine speed and indicated wean effective pressure refers to one
for which the mean or maximum bearing load Is a minlmurn. %ch a
combination is optimum only with regard to the mechanics of the prob-
lem, giving rise to a minimum unit load. “Fromthe consideration of
hydrodynamic lubrication the load capacity of a bearing, as measured

.—

by the quantity
(viscosity)(engine speed)

(unit bearing load) is a more impbrtant criter-

ion. Thus, if the viscosity is conslde- coristant,the”load capaci~Y *
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of the bearing will vary as the ratio of engine speed to unit bearing
load. Minimum load and hydrodynamic optimums are given in table 111
for the principal bearings of the V-t= engine herein considered. ~
The two series of maximum optimums are, in general, the same;”whgrgas_
the corresponding values of mean optimums always differ. Although
the values of optimums given in table III do not alwais 116”“iiithe”
practicable region of operation, this table may”be used to ascertaIn—
whether a shift of the operating conditions of the engine in the
d:~rectionof the optimum will be of benefit to a bearing giv~
trouble, .r-.—

The foregoing analysis of main-bearing loads has %een carried
out in the conventional manner in which deflection of the crankshaft
and the crankcase is neglected. Such deflections are known to exist
and might signific~tly alter the distribution of load among the
several main lmartngs. An analytical determination of main-bearing
loads including crankshaft and crankcase deflections is not practical
and experiment~l investigations such as these described in r~fer-
ences 4 to 6 should be made. so lJttle work of this nature
published that a rational determination of the distribution
engine main-bearing loads cannot be made.

C!C?NC-LUSIONS

..—-
has ‘teen
or in-line

—

From a series of computations using the dimensional-analysis
method of analyzing the ma!.n-beeringloads of a V-type in-line air-
craft engine the following conclusions are drawn:

.-
. .

For V-type engties:

1. Minimum load-optimum combinations or engine speed and indi-
cated mean effective presmre exist for which the mean and maximum
mafn-bearringloads are minimum for a given power cmtput. —

— ---

2. Hydrodynamic-optimum co?nbinationsof engine speed and indi-
cated mean effective pressure exist for vhich the ratio of engine
speed to mean or maxl,mumunit bearing load is a maximum for a given “–
power o~l.tput.The hydrodynamic and minim-h-load-optimums are ‘“””-
generally the same for maximun loads, whereas the corresponding
values for mean loads differ. . —— .—

3. The maximum and mean center main-bearing loads are inde-
pendent of compression ratio, whereas the naximum intermediate and
end main-bearing loads vary directly with compression ratio for a
given engine speed and indicated mean effective pressure. The

.

intermediat~ end main-bearing mean loads are independent of
.—

compression ratio. .-— ___
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4. The ratio of connecting-red length ta crank throw does not-
appreciably influence the mean on maximum main-bearing loads.

For the production V-type engine herein considered:

1. The combinations of engine speed and indicate&mean effec-
tive yressure corresycndingto optimum values-of both mean and
maximum main-bearing loads do not always lie in a practicable
operating region.

2. With regard to crankpin blade and main bearings, both the
low-speed and the high-speed crankshafts WY be operated at values
of indicatedmean effective pressure up to 200 pounds per square inch
in a dive unless difficulty is experienced with the intermediate
bearings of the high-speed shaft, in which case the indicated mean
effective yressurs should be held to m absolute minimum.

Aircraft ~Ih@ne Research Laboratory,
National Advisory Committee for Aeronautics,

Cleveland, Ohio. Jxne 21, 1.946.

..—

—

-.

—
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12-CYLINDER, V&T7?E ENGINE .
——

Number of cylinders . . . . ;l. ~ . . . . . . . . . . ..:. ”12
Arrangement of cylinders Two.blocks at an angle of 60°
Method of munbering cylind&& ~~m”

antipopeller end, titliblocks . . . . . . . . 1, 2, 3, 4, 5, 6
Firing order . . . . . . . . . . . . . ..1L.2R.5L. 4R,3L, lR,

6L, 5R, 2L, 3R, 4L, &
Direction of crankshaft rotation,
viewing ant~propeller end . . . . . . . . . . . Counterclockwise

Bore, in. .... . . . . . . . . . . . . . . . . . . . . . .; 5.50
Stroke, in. ..’...... . . . . . ’.. . . . . . . . . .. 6.00
Piston area, shin..... . . . . . . . . . . . . . .,. .” 23..75
Engine speed attake-off, rpm. . . . . . . . . . . . . . ..~OO
imepat take-oft’,lb/sq in. . . . . . . . . . . . . . .’.. . . 242 .
bmep at take-off, ll/sq in. . . . . . . . . . . ..: ...186
Manifold pressure at take-off, ~in.Hg absolute . . . ~ . . . . 52
Assumed mechanical efficlency at take-offf“percent . . . . . . 77
Compression ratio.... ; . . . . . . . . . . . . . . ...6.65
Fork-red length, in..... ; . . . . . . . . . . . . . . 10.00
Blade-rodlength, in.... . . . . . . . . . . . . . . . .10.00
Ratio of connecting-rod length to crank throw . . . . . . . . 3.33
Spark advance, deg B .T.C.:
hake, . . . . . . . . . . . . . . . . . . . . . . ...” .“”2--”
Exhaust . . . . . . . . . . . . . . . . . . . . . . . . . ..34

Valve timing:
Intake valve oyenjdeg B.T.C. . . . . . . . . . . . . . . . . 48

,

Intake valve closed, deg A.B.C. . . . . . . . . . . . . . . 62 ,
Exhaust valve oper.,deg B.B.C. . . . ; . . . . . . . . . . . 76
Exhaust valve closed, deg B.T.C. . . . . . . . . . . . . ~“*.26 ____

Blade bearing:
Diameter, in. . . . . . . . . . ’,. . . . . . . . . . . . .3.70 --”-
Effectivelength, in.. . . . . . . . . . . . . . . ...0.93
Projected area, sq in.. . . . . . . . . . . . . . . ...3.44

Crankpin bearing:
.——

Diameter, in. . . . . . . . . . . . . . . . . . . . . . . .3.0( ””--
Effective length,in . . . . . . . . . . . . . . . . . . . l.94 ”---
Projected area, sq in... . . . . . . . . . . . . . . . ,5.81

Center main learing:
Diameter, in. .,..... . . . . . . . . . . ... . . . .3.75
Effective length, in...., . . . . . . . ...”..... 1.90
Pzmjected area, sq in.. . . . . . . . . . . . . . ... ,7.12

—
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Intermediate and end main bearings:
Diameter, in. . . . . . . . . -.; .;.; .;. .-..:-. O 3.75
Effective length, in. .i. . . ..j . . . . . . . ..e. 1.10
Projected area, sq in... . . . . . . . . . . . . . . .,4,13

Reciprocating and rotating weights:
Weight of piston assembly, lb . . . . . . ; . .“. , .“, . 5;31 ,,.
Average weight of upper end of blade or fork rod, lb ~ . . 1.41
Reciprocating weight per cylinder, lb . J . . . . . . . . . 6.72
Weight of crankpin bearing, lb . , . . . . , . . . . , . . 2;21
Weight of lower end of fork rod, lb . , . . . . . . . . , . 3.10
Weight of lower end ofhlade rod, lb : . . . . . 1 . ; , ;“2,60
Rotating weight per crdcpin, lb . . , . . . , , . . , . . 7.91

.—

\
\

....
●
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TARIEI- REPR!ISENTATIVX KILUESOF CRANIQ~, BLiUE, ANBWMAXMJM UNIT

BEARINGLQAM1~M~~OF FwmNcEslti”zmmmmm

Pow3r cotiltion
112 3 ,415 6 7 81S

Engine speed,~ m ‘35JW 3600 boo ‘3000 3003 3000 3000 ‘3000

im9p, lbiaq in. 242 242 242 182 303 363 242 242 242

Indicatedh+nse~wer 1570 1720 1880 1170 1960 2350 1570 1570 3.570
Compressionratio 6.65 6.65 6.65 6.’65.6.656.65 5.50 7,50 8,50
Crankptibearing 2670 3120 3610 2540‘330Q 4320 2640 2770 5320
Blade bearinK 4703 4250 3640 2920,64808230 3160 545015960
center mati bearlagwith crankohft A 2010 2360 2760119502060 2140 2010 2010I2010
Intem&diate main bewlng with crankshaftA 3010 3380 3870 2730 3500141402920 3260\3530
~~ rn~~nhe~i n6 with crankshaftA 2600 3070 3550 2480 2740 2800 2620 2620a2600

Center main bearingwith crankshaftB 1660 1910 226G 1580 1740 1820 1660 1660 1660
Intermediatemain bearingwith crankshaftB 3330 3425 3503 2460 3860 4650 ---- ---- ----

3?mdmain bealng with crankshaftB 1830 1800 2070 1453 2610 3290 ---- ---- ----

The unit loads in lb/q in. are baaed upon tha followingvalues of bearing area:

Bearing P@ected area
(Sq in.)

Craukpin 5.81

Blade 3.44

Centermain 7.12
Intenmdiate and end main 4.).3

Nat Ions.1 Advisory Comnittee
for Aeronautics

“1

I

1’
1,
l,,
1,

1
I :i1

I

I
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TA.ELE n - REHE3EIW4TIVE VALUES OF CRANKPIN, BLAIE, AND MAIN MEAN UhTP

~G LoAIx#FROM TEE CHARTS OF IEwERENml AND2&mm~

Power couiltlon

I 2}3 4 5 6 7_l B 9

Rwine speed,w 11

r--rJ

3000 3300 “3600 3000 3000 3CC0 3000 3000 3000

lmep, lbjsq in. 242 242 242 182 303 363 242 242 242
Indicatedharsepomr 1570 1726 18@0 1170 1960 2350 1570 15701570
compreaBion ratio 6.65 6.65 6.65 6.65 6.65 6.65 5.50 7.50 8.5Q

Crankpin bearing 2030’23202660 1910 2170 2300 2030 2031 2030
Blade bearing 1730 194a 22m 1560 1920 2060 1730 1730 1730J

+~i~~z~,, ‘ --!-j

Center main bearingwith crankshaftA 1350 1660 2020 1410 1450 1600 1350 1350 1350 ‘
Intermaiiatemninbmrlngwith crduhaft A 21CQ 2300 2680 1890 2330 2560 2100 2100 2100

2050 2420 311.o2cf)o2090 212G 2050 2050 2050

1100 1330 1580 1090 1210 1350 :100 1100 1100
Intermediateutib earingwith c~ksm B 1640 1770 1920 1380 1910 2410 1640 1640 1640

,End.main bearin# with crankshaftB 2.24014(U)1570 ~2Q 1380 151OI124O1240 1240

%he unit loads Inlb/aq in. are baEedupm the followlngvalues of beerlngarea:

l?aEmhlg- Pm:ected area

(Sqti.)

Crenkpin 5.81
Blade 3.44
Centermain 7.12
Tntenuadiated eti.main 4.13

NationalMviaorY Committee
for.Aeronaut:ca
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NACA TN No. 1206 16

TABIZ!!III - !lMBIEOF O~IMUM OPERATING CONDITIONS FOR THE

PRINCIPAL HEARINGS OF TBZ V-TYPE ENGINE CONSIDERED

IN R3E!YRENCES1 AND 2 AND TBIS REPORT

-.

I
7

Compret3- ~2/p

Bearing sion Minimum-load optim~ Hydrodynsmlc optimum
ratio ,‘~r ~xi -[For mean For maxi- For mean

Y

mum load load mum load .load.—
Crankpin 5.50 28,000 6,500 28,000 13,500

6:65 34,000 6,500 34,”000 13,500
7,50 39,000 6,500 39,000 13,500
8.50 43,500 6,500 43,500 13,500

Blade 5.50 47,500 12,500 47,500 25,700
6.65 54,000 12,500 54,000 25,700
7.50 60,000 12,500 60,000 25,700
8.50 67,000 12,500 67,GO0 25,700

Center main with
F
.50-8.50 16,500 22,500 14,500 27,500

crankshaft A
Intermediate main 5.50 22,500 20,000 22,500 30,000
Iwith crankshaftA 6.65

‘,1

26,000 20,000 26,000 30,000
7.50 27,000 20,000 27,000’ 30,000
8:50 29,000 20,000 29,000 30,000

nd main with 5.50 18,000 15,000 18,000 17,500
I crankshaft A 6.65 23,OQO 15;000 23,000 17,500

7.50 25,500 15,000 25,5CQ 17,500
8.50 29,000 15,000 29,000 17,500

Center main with 6.65 15,000

I

27,500 15,000 32,500
crankshaft B *f

Intermediate main 6.65 33,500 35,000 ‘ 33,500 50,000
with crankshaftB
nd main with 6.65 42,500 20,0tio 42,500 25,000
crankshaft B

National Advisory Committee
for AeronautIcs
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(a) Crankshaft A.

Figure 1. - Photographs showing two types of crankshafts for a 12-cylinder, V-type engine.
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[b) Crankshaft B.

Figure 1. - Concluded.
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Figure 2. - Schematic diagram of mechanism of 12-c Ylinder
V-type engine. -—
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Figure 4, - Representative vector addition necessary to ob-
tain the polar diagram of the load acting upon the center
main bearing of a V-type engine with crankshaft A.
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Fig. 5a NACA TN NO. !
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182 13,880 IO,OQO
-—+—+ 242 1~, $lo 9,610
—.—. + 30s lt,670 10, s20-. —*---+ 38s 1s,240 11,390

Indlcatad orank-angle degrees ara for main bearing 2: add 240°,
600°, and 860° in tha direction of rotation for main bearinga S, 6,
and 6 respectively.
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—
r-

—.

- .—

(CI) Engine speed,” 3Qoo rpm; ind]cated mean effective
-r

Pressures, 182, 242, 303, and 363 pounds per
square inch.

Figure 5. - polar diagrams showing the magnitude of the re- .
sultant force on the center main bearing of V-type engine
with crankshaft A and its direction with respect to the
engine axis at different power conditions.



.

.
Fig. sbNACA TN No. 1206

Rototlon

.2 I

—.

-7

.-

.

.

.—

,800&//__’) ——

—

—

-——

-.

/!/

-+(

i

Sooo
l\ L

I

/“
\ ‘, \ / !Y

‘\

*

-— ... ..-.

L*OO

Haximum Moan
force force
(lb) ‘ (lb)

NATIONAL WI WRY
rpm CONUI TTCE FOR AERONAUTICS

aooo i4, aio tl, elo
+-+--+ aaoo [6,800 11,820
+-&-- aeoo 19.6W Iu, aao

Indicated crank-angle dogreee ● ro for mein bowing 2; add 240°,
600°, ●nd 860° in the direction of ~otatlon for ●ain bearingo 9, 6,
wrd 6, res~ectivoly.

(b) Indicated ❑ean effective preesure, 242 pounds
per square inch; engine speeds, 3000, 3800,
and 3600 rpm.

- Concluded.

*

.

Figure 5.
.-



Fig. 6 NACA TN NO. 1206
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Figure 6. - Representative vector addition neceis”a?y to-ob-
tain the polar diagram of the load acting upon inter-
mediate main bearing 2 of a V-type engine with crankshaft
A.
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L ~ooo w:: ● kk.an
imp force

(lb/sq In. ) (lb) (lb)
-—-m—— 4242 Iz, uao 8,C70
-+-- —-+ 368 17, 100 10,660

lndicttad crank-angle degrcas are for ●ain bowing 2; add 240°,
800°, ●nd S60° In the dlroction of rotation for ■ain bocrings a, 6, ,
snd 6 raepectively.

(a) Engine speed,3000 rpm; indicated mean effective pres-
sures, 242 and 368 pound. per square inch.

Figure 7. - Polar diagrams showing the magnitude of the re-
sultant force on intermediate main bearings 2, 3, 5, and
6 of a V-type engine with crankshaft A and its direction
with respect to the engine axis at different power con-
ditions.
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(b) Engine speed, 3000 rpm; indicated mean effective pres-
sures 18z and 303 pounds per square inch.
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Figure 7. - Continued.
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Figure 8. - Representative vector addition necessary to ob-
tain the polar diagram of the load acting upon end main
bearing. I of a V-type engine with crankshaft A.
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+—~—+ ~l$z I0,7W0 8,670
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Indlcatad crank-%ole%ugr~~~ are for main bearlno 1: add 3$0°
in direction of rotation for meln bearing 7.

(a) Engine speed, 3000 rpm; ” indicated mean eftective preeeures,
182, 242. 303. and 363 gounds per square inch.

Figure 9. - Polar diagrams showing the magni~ude of the re-
sultant force on end main bearings i and 7 of a V-type
engine with crankshaft A and its direction with respect to

.

the engine axis at different power conditions.
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Figure 10. - Varlatlon of W/p with N2/p for the center main bearing of a production,
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V-type engine with crankshaft A at a compression ratio of 6.66. 0
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Fig. II NACA TN NO. 1206
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Maximum baring load, W, lb
— — Indicatedhorsepower

Ordinate to line OA, 320° crank-angleregion
Line OA to abeciaaa, @ c~ank-a@e region

Figure 11. - Maximum load on center Mai!i beaPins of A
~“’”at’on’ ‘W&##’&%hat.oramkahax%A forallvalueaorinflioatedmeanefreotvepreeaurean

a oompreaaionratio of 6.650 (Oonotentmaximum-loadourves.) Effeotivebearing ●raa,
4.13 square inohea.
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Figure 12. - Variation of ~~p vlth N2/p for the center main bearing of a production,
V-type engine with crankshaft A at a compresalon ratio of 6.65.
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Fig. 13 NACA TN NO. 1206
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Mean bearing load,~, lb
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Figure 13. - Mean load on center main bearing of a production,V-type engine with crank-
shaft A for all values of indicatedmean effective preseure and engine epeed. (Constanir
mean-load curves.) Effective bearing area, 7.12 square lnchea.
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NACA TN No. 1206 Fig. 14

I KATIOPML AOVISORY
COMMITTEE f~ AERONAUTICS

Mexhum bearing load, W, lb
— —Indlaated horsepower

Main bearlng— 2 3 5 6
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Figure 14. - Maximum load on Intermediatemain tiaringe 2, 3, 5, and 6 of a production,
V-type engine with crankshaftA for all values of indicatedmean ●ffective pressure
and engine ●peed at ● comprasslonratio of 6.65. (Constentmexlmura-loadcurves.)
Effoetlve bearing area, 4.13 square inches.
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NACA TN NO. 1206 Fig. 16
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?l~e l&- MSXIUIMSload on and main earlngs 1 and 7 of a production,V-t~ ●ngine
with erankeheft A for .11 values of ~dicated men effeoklve wee.ure and engine
epeed at a eomjmeeslon ratio of 6.65. (Oonetent mexlwm-load ourvee. ) 6ffeotlve
bear- area, 4.1S ●quare inobes.
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F@re 17. - Mean load OXIend min bsery. 1-7 of ● prodwtloa, v-type engine with
oronkabaftA for all values of indloate mean effeotlve preeoure and engine speed.
(Constantfmn-load ourves.) Effectivehea?ing area, 4.13 SW= inches.
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Figure 18. - Polar diagram showing the magnitude of the re-
sultant force on the center main bearing of a production,
V-type engine with crankshaft B and its direction with
respect to the engine axis, Engine speed, 3000 rpm; indi-
cated mean effective pressure? 242 pounds per square inch-
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Figure IS. - Poiar diagram showing the magnitude of the re - ‘
sultant force on intermediate main bearing 2 of a produc-
tion, V-type engine with crankshaft B and its direction
with respect to the engine axis. Engine speed, 3000 rpm;
indicated mean effective pressure, 242 pounds per square
inch.
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Figure 20. - Polar diagram showing the magnitude of the re-

sultant force on end main bearing i of a production, V-type
engine with crankshaft B and its direction with respect to%
the engine axis. Engine speed, 3000 rpm; indicated mean
effective pressure, 242 pounds per square inch.
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Figure 21. - Maximum load on center mein bearing of a production,V-type engine with
crankshaftB for all values of indiostedmean effective pressureend engine speed
st a compressionratio of 6.65. (Constantmaximum-loed.curves.) ErfectiSebearing
areu, ‘7.12square Inches.
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Figure 2Z. - Hean- load on center main boarlng of a pr6duatlon,V-type engine with crank-
shaft B for all values of indicatedmean effective preaaureand engine epeed at a
~omme~sion ratio Of 6,65, (Constantmean-load curvet.) Effectivebearing area~ 7012
squire inohe1.
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Figura 23. - Maximum load on tntermadiatamain bearhga 2, S, 5, and 6 of a production,
V-type angina with crankshaftB for all valuea of tndioatedmean effoctlvepressure
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NACA TN NO. 1206 Fig. 24

.

.

r

.

COMMITTRC FOR WROMAUT ICS

— Mean beAFhg load, ~, lb
—— Indioatedhorsepower

520

400

440

400

sea

.

~ 320
~

a
& 280

4

240

200

160

1s0

00

40

0

Fi a 24, -Wan loads on intermediate malnbearl s 2, 3, 6, and 6 of a production,
$’& .ngi.~i~h..**slza~,, ,er,1Xvalues% indioa,e.mean.,,..,,,.~resa.re
andengines ed-t● oompremelonratio ot 6.65. (Oon8tmt mean-load owves.) Ef-
feotlve bear rig are*,4.lS mquarc inohos.



Fig, 25 NACA TN NO. 1206

r~

NATIONAL ADVISORY
CCMMITTEE FOR AERONAUTICS —— xaximumbearing load, W, lb

— — Indlcatodhorsepower

I Mah bearing-. 1 7

Chart region Uoation of mmximumload,
crank-an@e degrees

ordinate to line OA 320 m 1

520

480

440

400

MO

S20

280

240

200

lm

1

120

E ,
I I I I

..-
.

a

.

.

%0

40

n

?igure 25. - Maximum load on end ms%n bearings1 and 7 of ● production, V-type ●ngine
:;tg :rkahaft B for ●ll.valuoaof lndloatfid me~ ●ffeotlve pressure end e

T
.sdon ratio of 6.65. (Oonttantmaximm-load ourwe. ) EffeotiwX?v&wod

area, 4. 3 square lnohea. . .

.. ———



.

NACA TN NO. 1206 Fig. 26

NATIONAL AOVISORY
*ITTEE FOR AERONAUTICS

Mean bearln6 load, ~, lb
— — Indleatedhorsepower

S20

420

440

400

360

g
320

u
<
A

;280

#

240

200

I@

120

60

40

0
0 6U0 1000 lEOO 2000 2600 W!Oo 4000 4600 6000

2ngine spee~lxn
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Figure 28. - Maximum load on end main hearings 1 and 7 of e production,V-type engine
- with crankshaftA for all values or Itiicatedme= ef~~ct+ye..pressureand engine speed

at various compreselonratios. (Constantmax~nnun-loadcurves.) Effeatlve bearing area,
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